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1. INTRODUCTION {#jvim15507-sec-0007}
===============

Ultrasonography is an important diagnostic imaging modality in the evaluation of gastrointestinal (GI) tract in dogs.[1](#jvim15507-bib-0001){ref-type="ref"}, [2](#jvim15507-bib-0002){ref-type="ref"} Gastric wall neoplasia,[3](#jvim15507-bib-0003){ref-type="ref"}, [4](#jvim15507-bib-0004){ref-type="ref"}, [5](#jvim15507-bib-0005){ref-type="ref"}, [6](#jvim15507-bib-0006){ref-type="ref"} gastritis[7](#jvim15507-bib-0007){ref-type="ref"}, [8](#jvim15507-bib-0008){ref-type="ref"}, [9](#jvim15507-bib-0009){ref-type="ref"} (including fungal disease[10](#jvim15507-bib-0010){ref-type="ref"} and ulceration),[11](#jvim15507-bib-0011){ref-type="ref"} uremic gastropathy,[12](#jvim15507-bib-0012){ref-type="ref"} polyps/congenital hypertrophy,[13](#jvim15507-bib-0013){ref-type="ref"}, [14](#jvim15507-bib-0014){ref-type="ref"} and edema[7](#jvim15507-bib-0007){ref-type="ref"} are all possible causes for gastric wall thickening.

In humans, gastric wall thickening is commonly seen in computed tomographic (CT) studies, as ultrasound is not as commonly used to examine the GI tract as it is in dogs and cats. Although the causes of gastric wall thickening in humans are similar to the aforementioned causes in dogs, pancreatitis have also been reported to cause gastric wall thickening as seen on CT studies.[15](#jvim15507-bib-0015){ref-type="ref"}

The ultrasonographic appearance of gastric wall thickening because of edema has been described in humans.[16](#jvim15507-bib-0016){ref-type="ref"}, [17](#jvim15507-bib-0017){ref-type="ref"} In the veterinary literature, ultrasonographic appearance of presumed gastric wall edema has only been mentioned in a reference textbook as "thickening of gastric wall with alteration of the wall layering."[7](#jvim15507-bib-0007){ref-type="ref"} A more precise characteristic ultrasonographic features of gastric wall edema might help differentiate gastric wall edema from a neoplasia.

Ultrasonography of the canine pancreas is an important noninvasive tool in the diagnosis of pancreatitis as well as evaluation of peripancreatic structures. Ultrasonographic appearance of pancreatitis include enlarged, irregularly marginated, and hypoechoic pancreas with peripancreatic hyperechoic mesenteric fat with or without focal peritoneal effusion.[18](#jvim15507-bib-0018){ref-type="ref"}, [19](#jvim15507-bib-0019){ref-type="ref"} However, there is lack of description or observation on gastric wall thickening secondary to pancreatitis in dogs. The authors have occasionally observed moderate to severe gastric wall thickening with loss of wall layering in dogs diagnosed clinically with acute pancreatitis, and this gastric wall thickening resolved concomitantly with the clinical improvement or resolution of pancreatitis. The clinical importance of this is unknown. The authors hypothesized that gastric wall thickening because of edema could be present in dogs with acute pancreatitis and would therefore represent 1 of the complications of acute pancreatitis.

The aim of this retrospective study is to describe the ultrasonographic features of presumed gastric wall edema in dogs with acute pancreatitis.

2. MATERIALS AND METHODS {#jvim15507-sec-0008}
========================

2.1. Experimental design {#jvim15507-sec-0009}
------------------------

This is a retrospective case series study.

2.2. Case selection {#jvim15507-sec-0010}
-------------------

The Purdue University Veterinary Teaching Hospital Medical Record database from January 1, 2014, through December 31, 2016, was electronically searched to identify dogs that had both ultrasonographic evidence and clinical diagnosis of acute pancreatitis using keyword of "pancreatitis" or "suspected pancreatitis." Ultrasonographic still images, real‐time recording videos, or both still images and videos of the gastric wall in the form of digital files were reviewed by the radiology resident (M.M.) using an image viewing workstation (Asteris Keystone viewer, Asteris Inc., Stephentown, New York) to identify cases using the following inclusion criteria: (1) ultrasonographic evidence of acute pancreatitis and (2) increased thickness (\>5 mm) of the gastric wall. All ultrasonographic studies were performed by board‐certified veterinary radiologists and radiology residents using the same ultrasound machine (Philips iU22 SonoCT system, Phillips Ultrasound, Bothell, Washington). A linear array (5‐12 MHz) or microconvex array (5‐8 MHz) transducer was used. Ultrasonographic evidence of pancreatitis was characterized as the presence of enlarged, irregularly marginated, hypoechoic pancreas and hyperechoic peripancreatic mesenteric fat, as previously described.[18](#jvim15507-bib-0018){ref-type="ref"} Patients with nodule or mass lesion detected within gastric wall by ultrasound are excluded from the study. Clinical data from medical records of these dogs were then reviewed by a board‐certified veterinary internist (N.K.P.) to confirm the clinical diagnosis of acute pancreatitis. As there is currently no gold standard diagnostic test for pancreatitis in dogs, the clinical diagnosis of acute pancreatitis was determined using a combination of the following findings: clinical signs, physical examination, and clinicopathological data. Dogs were included if 3 or more criteria consistent with acute pancreatitis were met from more than 1 of the categories provided: clinical signs, physical examination, and clinicopathological data. Clinical findings that could support the diagnosis of pancreatitis included, but were not limited to, vomiting, inappetence, and anorexia. Physical examination findings that could support a diagnosis of pancreatitis included abdominal pain, fever, and dehydration. Clinicopathological data supporting the diagnosis of pancreatitis included inflammatory leukogram, elevated serum amylase and lipase concentration, and serum canine pancreatic lipase immunoreactivity concentration greater than 400 μg/L. Dogs were excluded if the serum albumin was less than 1.7 g/dL. Histopathological findings (when available) were recorded.

2.3. Ultrasonographic findings {#jvim15507-sec-0011}
------------------------------

Ultrasonographic still images, real‐time recording videos, or both still images and videos of the gastric wall of cases that were diagnosed with clinical pancreatitis were further reviewed to characterized features of the presumed gastric wall edema. This is performed by consensus by a board certified radiologist (H.G.H.) and a radiology resident (M.M.) using the same image viewing workstation. Ultrasonographic features of gastric wall such as thickness, appearance of the wall layering (preserved or loss of the 5 layers appearance, layer of gastric wall involvement), echogenicity, echotexture of the abnormal layer (homogeneity and the presence of lacy appearance), vascularity, and distribution of lesions (general versus focal, locations), and perigastric changes were recorded. Overall gastric wall thickness was measured from the echogenic mucosal surface to the outer hyperechoic serosal layer. The individual layer thickness was evaluated between the interfaces of the 2 adjacent layers. When there was loss of the wall layering, it was further characterized into partial or complete. The echogenicity of the abnormal layers were classified into hypoechoic (relative to normal mucosa), intermediate hyperechoic (echogenicity between the normal mucosa and submucosa), and hyperechoic (isoechoic or hyperechoic to the normal submucosa). The abnormal echotexture were further classified as homogeneous or heterogeneous. Lacy appearance of the abnormal gastric wall could be further classified as hypoechoic lacy (hyperechoic background with hypoechoic striations) and hyperechoic lacy (hypoechoic background with hyperechoic striations). The distribution of the abnormal gastric wall thickening such as generalized or focal was noted. If focal, further description of the distribution of lesions such as ventral, dorsal, greater curvature or lesser curvature of the gastric fundus, gastric body, or gastric pylorus was noted. Circumferential thickening was noted if diffuse circumferential wall thickening is observed in 1 of the still image or real‐time recording video. Circumferential wall thickening was not evaluated if dorsal wall is not able to be evaluated because of gastric contents or gas. Presence or absence of perigastric and peripancreatic changes such as hyperechoic peritoneal fat and peritoneal effusion were recorded. Ultrasonographic still images, real‐time recording videos, or both still images and videos of the gastric wall from serial follow‐up ultrasound(s) were also reviewed using the same methods when available.

3. RESULTS {#jvim15507-sec-0012}
==========

Gastric wall thickening with ultrasonographic evidence of acute pancreatitis was observed in 18 dogs. Among these 18 dogs, clinical diagnosis of acute pancreatitis at the time of ultrasound was confirmed in 14 cases. Two of the cases were excluded from the study because of the presence of severe hypoalbuminemia, characterized as a serum albumin of less than 1.7 g/dL. Two additional cases did not meet the minimum criteria for acute pancreatitis. One dog was diagnosed with metastatic carcinoma and the other dog was diagnosed with diabetic ketoacidosis with no clinical evidence of pancreatitis.

Ultrasonographic real‐time recording videos were available to review in 8 cases and other 6 cases only had ultrasonographic still images of gastric wall thickening.

The mean gastric wall thickness was 9.9 ± 4.0; 5.9‐17.5 (mean ± SD; range) mm.

Complete loss of wall layering within the thickened gastric wall was seen in 2 cases (Figure [1](#jvim15507-fig-0001){ref-type="fig"}B). Partial loss of wall layering was present in 9 cases, and preserved wall layering was present in 3 cases. Except cases with complete loss of wall layering, well‐defined preserved mucosal layer was observed in the remaining 12 cases (Figure [1](#jvim15507-fig-0001){ref-type="fig"}C,D).

![Ultrasonographic appearance of the thickened gastric wall; ventral wall of the gastric body. A, Normal gastric wall without gastric wall thickening. B, Hypoechoic thickening of gastric wall with complete loss of wall layering (between asterics). C, Intermediate hyperechoic thickening of the submucosal layer with preservation of the wall layering. Hyperechoic luminal material is present. D, Nonuniformed thickening of intermediate hyperechoic submucosal layer and hypoechoic muscularis layer. Multiple ill‐defined short linear hyperechoic lacy appearance was present within the thickened muscularis layer. GL, gastric lumen; Ms, muscularis layer; Mu, mucosal layer; S, submucosal layer](JVIM-33-1260-g001){#jvim15507-fig-0001}

For individual gastric layer thickening, submucosal layer is most commonly involved (12/14, Figure [1](#jvim15507-fig-0001){ref-type="fig"}C,D). In addition to this, 5 dogs had concurrent thickening of muscularis layer (5/14, Figure [1](#jvim15507-fig-0001){ref-type="fig"}D).

In cases with complete loss of wall layering, the abnormal gastric wall was heterogeneously hypoechoic (Figure [1](#jvim15507-fig-0001){ref-type="fig"}B). In all cases with thickened submucosal layer, these layers were homogeneously intermediate hyperechoic (Figure [1](#jvim15507-fig-0001){ref-type="fig"}C,D). The thickened muscularis layer in all 5 cases was homogeneously hypoechoic (Figure [1](#jvim15507-fig-0001){ref-type="fig"}D).

In the thickened submucosal layer, hyperechoic lacy appearance was present in 4 cases (4/12) and hypoechoic lacy appearance was present in 3 cases (3/12). The remaining 5 cases had no lacy appearance. Hyperechoic lacy appearance was observed in only 1 case in the thickened muscularis layer (1/5, Figure [1](#jvim15507-fig-0001){ref-type="fig"}D).

Generalized thickening was present in 2 cases (2/14), whereas multifocal thickening was present in 12 cases (12/14). Ventral gastric wall was most commonly involved (13/14), followed by greater curvature of the gastric body to fundus area (12/14) and dorsal gastric wall (11/14). Evaluation of the dorsal wall was not possible in 3 cases because of artifact from the gastric contents (ingesta, gas, or both). Circumferential thickening was present in 6 cases (6/14). The thickness of the gastric wall varies with the thickest wall present adjacent to the abnormal hypoechoic pancreas (9/14), followed by greater curvature of the gastric body (7/14), dorsal gastric wall (5/14), and ventral gastric wall (2/14). Some cases had multifocal areas of gastric wall thickening, and thus the total number of area involved is greater than the number of dogs in this study.

Hyperechoic peritoneal mesentery surrounding the thickened gastric wall was present in all cases (14/14), and peritoneal effusion was present in 13 cases (13/14).

Serial follow‐up ultrasound examinations were performed in 5 cases. Resolution of the gastric wall thickening was seen in 3 cases (3‐28 days after the last ultrasound with gastric wall thickening, Figure [2](#jvim15507-fig-0002){ref-type="fig"}A,B). Two of these 3 dogs had persistent ultrasonographic features of pancreatitis with resolution of gastric wall thickening (3‐12 days after the last ultrasound with gastric wall thickening). The pancreas and gastric wall were normal in a 28‐days follow‐up ultrasound in the third dog. The other 2 dogs had persistent gastric wall thickening in follow‐up ultrasound (5‐7 days). The owner elected humane euthanasia in 1 dog at the same day the follow‐up ultrasound was performed (Day 5). The other dog had loss to follow‐up 3 weeks after initial ultrasound was performed.

![Serial ultrasonographic appearance of the gastric wall in a dog on Day 0 (A) and Day 3 (B) with resolution of gastric wall thickening. A, On Day 0, an intermediate hyperechoic thickening of submucosal layer with partial loss of wall layering between the submucosal and the muscularis layer was present circumferentially. The pancreas (Pa) was diffusely hypoechoic and surrounding fat was hyperechoic. B, Resolution of the gastric wall thickening was observed in Day 3. DW, dorsal wall; VW, ventral wall](JVIM-33-1260-g002){#jvim15507-fig-0002}

Eight of the 14 dogs were alive at the time of discharge from the hospital. Follow‐up phone call survey of those 8 dogs has been performed. One dog was euthanized because of declined health 22 days after discharge, and the remaining 7 dogs recovered from the clinical sign and have lived at least 3 months (3 months, 6 months, 7 months, 19 months, more than 22 months, 24 months, and more than 4 years) after discharge. Two dogs with resolution of the gastric wall thickening by the follow‐up ultrasound have lived more than 22 months after discharge.

The remaining 6 dogs died during hospitalization or the owners elected humane euthanasia. A necropsy was performed on 1 of the 6 dogs, and histopathologic evaluation was performed. The histopathology revealed severe subacute necrotizing pancreatitis and gastric wall edema with mild congestion (Figure [3](#jvim15507-fig-0003){ref-type="fig"}A,B).

![Histopathological appearance of the thickened gastric wall of a dog with low magnification image (A) and close‐up image of submucosal layer (B). There is a diffuse extensive edema in the submucosal layer separating collagen fiber. Hematoxylin and eosin. a, mucosa; b, muscularis mucosa; c, submucosa](JVIM-33-1260-g003){#jvim15507-fig-0003}

4. DISCUSSION {#jvim15507-sec-0013}
=============

This study describes the ultrasonographic features of presumed gastric wall edema in 14 dogs with acute pancreatitis.

In this present study, all cases with preserved wall layering showed submucosal layer thickening (12/12 cases). Major differential diagnoses for the ultrasonographic submucosal thickening in the GI abnormalities are submucosal edema and hemorrhage.[20](#jvim15507-bib-0020){ref-type="ref"} Submucosal hemorrhage could take more than 1 week to resolve completely.[21](#jvim15507-bib-0021){ref-type="ref"} Thus, the rapid resolution and changes of gastric wall thickening, in addition to the histological confirmation in 1 case in our study, support our hypothesis that gastric wall thickening was because of edema. The low number of histological sample is because of relatively good prognosis of the treatment for pancreatitis and owner refused necropsy in the deceased cases. Histopathology would be of great benefit to rule out other causes of gastric wall thickening; however, the rapid changes of gastric wall edema secondary to pancreatitis could be missed because of the lag time between diagnosis and time of death.

Other major differential for gastric wall thickening in dogs includes neoplasia and gastritis. Gastric wall thickening caused by neoplasia has a mean thickness of 16.7 to 43.0 mm.[3](#jvim15507-bib-0003){ref-type="ref"}, [5](#jvim15507-bib-0005){ref-type="ref"} In the present study, the thickening of gastric wall was less severe (mean thickness of 9.9 mm; range of 5.9‐17.5 mm). However, there is overlapping of the thickness in these 2 studies, making diagnosis based solely on wall thickness challenging.

Loss or disruption of normal wall layering is 1 of the common ultrasonographic findings in gastric neoplasia, and reflects infiltration and disruption of tissue architecture by the neoplasia.[3](#jvim15507-bib-0003){ref-type="ref"}, [4](#jvim15507-bib-0004){ref-type="ref"} In this present study, we found at least partial loss of gastric wall layering with preserved well‐defined mucosal layer in 12 out of 14 cases. The finding of a well‐defined mucosal layer in conjunction with partial disruption of gastric wall layering might differentiate gastric wall edema from the gastric neoplasia though more research needs to occur to determine the validity of this observation.

Complete loss of the wall layering was uncommon in this present study (2/14 cases). This complete loss of wall layering might reflect a more severe state of gastric wall edema.

Lymphedema is the most common cause of submucosal edema of the GI tract caused by obstruction of lymphatic vessels or increased microvascular and lymphatic permeability.[22](#jvim15507-bib-0022){ref-type="ref"} Increased microvascular and lymphatic permeability has been postulated to be 1 of the causes of pancreatic edema and given the close proximity of the extra‐gastric and pancreatic lymphatic vessels, direct extension of the inflammatory process might result in gastric wall submucosal edema.[23](#jvim15507-bib-0023){ref-type="ref"}, [24](#jvim15507-bib-0024){ref-type="ref"} The muscularis layer can become edematous with lacy dissociation of muscularis caused by severe inflammation.[25](#jvim15507-bib-0025){ref-type="ref"} Concurrent muscularis layer thickening was present in this present study, and could be because of extension of inflammation from the pancreatitis reflecting more severe state of the disease process. As observed in the present study, gastric wall thickening associated with acute pancreatitis has predominantly submucosal or both submucosal and muscularis layer thickening.

Possible differential for gastric wall thickening in the dogs with pancreatitis other than edema include gastritis and hypoalbuminemia. All 14 cases in the present study did not show hypoalbuminemia because cases with hypoalbuminemia had been excluded from the study population.

Gastritis is a common cause of gastric wall edema and can lead to gastric wall thickening with preserved normal wall layering.[7](#jvim15507-bib-0007){ref-type="ref"}, [22](#jvim15507-bib-0022){ref-type="ref"} Chronic hypertrophic gastritis and polyps also have mucosal layer thickening although the thickening is predominantly because of mucosal hypertrophy and not edema.[8](#jvim15507-bib-0008){ref-type="ref"}, [9](#jvim15507-bib-0009){ref-type="ref"}, [13](#jvim15507-bib-0013){ref-type="ref"} The normal mucosal layer with abnormal thickness of submucosal layer might help differentiating gastric wall edema because of acute pancreatitis from gastric wall edema because of gastritis. The rapid resolution of gastric wall thickening observed in follow‐up examination could help differentiate gastric wall edema from gastric wall neoplasia and gastritis as observed in this study.

The gastric wall thickening could be generalized, or multifocal. The high percentage of the thickest gastric wall thickening adjacent to the pancreas could be because of close proximity of the abnormal pancreas, thus the severity of inflammation might be marked at this point.

In this present study, acute pancreatitis associated with hazy, hyperechoic peritoneal fat, and peritoneal effusion was present in all cases with gastric wall thickening. Because of the small number of cases that had serial follow‐up ultrasounds performed, correlation between severity of acute pancreatitis and time of resolution of gastric wall thickening could not be established. Further research is needed to study the correlation of the time of resolution of gastric wall thickening with clinical severity of acute pancreatitis. The duration of resolution of the gastric wall thickening because of pancreatitis has not been reported in humans because serial follow‐up CTs are not commonly performed in dogs with pancreatitis.

Six out of 14 dogs had serial ultrasound. One dog only showed gastric wall thickening 3 days after the initial ultrasonographic detection of pancreatitis. Thus, gastric wall thickening could be a common complication of the acute pancreatitis in dogs but was underdiagnosed because of lack of serial ultrasound. The time of occurrence of gastric wall thickening in relation to the time of the clinical presentation of pancreatitis and detection of ultrasonographic evidence of pancreatitis is unknown.

In conclusion, the ultrasonographic gastric wall thickening in dogs with clinical acute pancreatitis is presumably because of gastric wall submucosal edema with or without involvement of the muscularis layer, and with preservation of the mucosal layer. Resolution of gastric wall thickening can be observed with positive response to treatment of acute pancreatitis.
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